Obstructive sleep apnea (OSa) is the most common sleep-related breathing disorder and is associated with significant morbidity. We sought to present an updated systematic review of the literature on the accuracy of screening questionnaires for OSa against polysomnography (PSG) as the reference test. Using the main databases (including medline, Cochrane database of Systematic Reviews and Scopus) we used a combination of relevant keywords to filter studies published between January 2010 and april 2017. Population-based studies evaluating the accuracy of screening questionnaires for OSa against PSG were included in the review. Thirty-nine studies comprising 18 068 subjects were included. Four screening questionnaires for OSa had been validated in selected studies including the Berlin questionnaire (BQ), STOP-Bang Questionnaire (SBQ), STOP Questionnaire (SQ), and epworth Sleepiness Scale (eSS). The sensitivity of SBQ in detecting mild (apnea-hypopnea index (aHI) ≥ 5 events/hour) and severe (aHI ≥ 30 events/hour) OSa was higher compared to other screening questionnaires (range from 81.08% to 97.55% and 69.2% to 98.7%, respectively). However, SQ had the highest sensitivity in predicting moderate OSa (aHI ≥ 15 events/hour; range = 41.3% to 100%). SQ and SBQ are reliable tools for screening OSa among sleep clinic patients. although further validation studies on the screening abilities of these questionnaires on general populations are required.
O bstructive sleep apnea (OSa) is the most common sleep breathing disorder and manifests as repeated apneas and hypopneas during sleep. [1] [2] [3] OSa increases the risk of hypertension, glucose intolerance, cardiovascular, and cerebrovascular disorders. [4] [5] [6] [7] Untreated OSa is also associated with daytime sleepiness, cognitive dysfunction, and increased risk of automobile accidents. [8] [9] [10] Polysomnography (PSG) is the gold standard for the diagnosis of OSa, but it is an expensive and timeconsuming and requires trained personnel. PSG is a noninvasive technique that involves overnight monitoring of several physiological variables including electroencephalography, eye movements, and muscle tone as well as respiratory effort, airflow, and oxygen saturation. 11 Therefore, different clinical models have been developed to evaluate patients at high risk for OSa. [12] [13] [14] Screening questionnaires are simple, low-cost tools that can be used to prioritize patients eligible for PSG.
OSa screening questionnaires (OSa-SQs) were evaluated in surgical patients in a systematic review by abrishami et al. 15 In addition to being easy-to-use, the STOP and STOP-Bang questionnaires were found to have a higher methodological quality. Over the past few years, the accuracy of OSa-SQs has been an area of growing research interest and a number of studies have been published on the subject. This systematic review aimed to assess the accuracy of OSa-SQs including the Berlin questionnaire (BQ), STOP-Bang questionnaire (SBQ), STOP questionnaire (SQ), and epworth Sleepiness Scale (eSS), based on an updated search of the literature.
We performed a literature search using medline, Cochrane database of Systematic Reviews, and Scopus for articles published between January 2010 and april 2017 using the following terms: OSa or OSaHS (obstructive sleep apnea hypopnea syndrome), hypopnea or hypopnoea, obstructive sleep apnea or sleep apnea syndrome and sensitivity, specificity, validity, or validation, sleep apnea questionnaires, and screening sleep apnea. The reference list of identified studies was also searched manually to detect eligible studies for inclusion. The flow diagram of study selection process is depicted in Figure 1 .
Two authors independently reviewed the titles and abstracts of the search results and disagreements were solved in group discussion. The studies had to meet the following criteria to be included: a) participant age > 18 years; b) the accuracy of the screening questionnaire had been assessed against various apnea-hypopnea indexes (aHI) or respiratory disturbance indexes (RdI) based on PSG as the gold standard; and c) studies were published in english. We also included studies if the validity of screening questionnaires was reported as a secondary outcome. letters to the editor, review articles, case reports, and commentaries were excluded.
Two independent reviewers extracted the following information from each study that met the inclusion criteria: name of the first author, country and year of publication, study design, number of participants, age, gender, body mass index (BmI), neck circumference, validation tool (various types of PSG included), sensitivity, specificity, positive predictive value (PPv) and negative predictive value (nPv) for each aHI or RdI cut-off point including, aHI or RdI of ≥ 5 events/ hour (mild OSa), ≥ 15 events/hour (moderate OSa), and ≥ 30 events/hour (severe OSa).
Thirty-nine studies qualified for inclusion in the present review, 11, with sample sizes ranging from 30 to 4770. These studies were carried out in seven different geographic regions including, north america, 17, 18, 20, 22, 27, 38, 47, 50, 52 West asia, 11, 16, 24, 29, 30, 42, 51, 53 east asia, 25, 26, 28, 32, 36, 49, 54 europe, 19, 31, 37, 39, 43, 45, 46 South asia, 40, 48 north africa, 21, 44 and South america. 23, [33] [34] [35] The results of our analysis of the relevant studies are presented below for each of the four OSa-SQs.
Berlin questionnaire (BQ)
The BQ was developed in 1999 and includes three sections. The first section is about snoring, the second section is about daytime fatigue and sleepiness, and the last section is about medical history and anthropometric measures such as hypertension and BmI. If two or more categories were positive, the patient is considered high risk for OSa. 55 BQ was evaluated in 29 out of the 39 eligible studies with a total 9444 subjects. Table 1 shows the characteristics and demographic information pertaining to these studies. Over half of the studies had < 150 subjects with the mean age ranging from 32 to 69.4 years. Only two studies 28, 46 assessed the BQ accuracy in the general population, while the subjects in 13 studies were all sleep clinic patients. The remaining 14 studies dealt with a mix of subjects or patient populations. Overnight PSG was used as the validation tool in 23 out of the 29 studies dealing with the BQ. alternative methods in other studies were type II PSG (full in-home overnight PSG that records all items of standard PSG), 17, 25 type III PSG 22, 34, 46 that typically measure between four and seven physiologic variables, including two respiratory variables (e.g., respiratory effort and airflow), a cardiac variable (e.g., heart rate or an electrocardiogram), and arterial oxyhemoglobin saturation via pulse oximetry, and daytime PSG. 24 Table 2 shows the BQ data for the sensitivity, specificity, PPv, and nPv for one or more aHI cutoff points as reported in the selected studies. The BQ highest sensitivity (97.3%) and nPv (95.4%) for the detection of OSa was found at aHI cutoffs ≥ 30 events/hour. However, the BQ had the highest detection specificity for moderate OSa (91.7%). Our analysis indicates a PPv ranging from 11.5% to 91% at aHI ≥ 5 events/hour.
STOP-Bang questionnaire (SBQ)
The SBQ includes four subjective (STOP: Snoring, tiredness, observed apnea, and high blood pressure) and four demographics items (BanG: BmI, 56 age, neck circumference, Gender). a score of 5-8 is categorized as high risk for OSa. 57 Records screened (n = 112) Articles considered for inclusion (n = 66)
Included for systematic review (n = 39)
Irrelevant studies (n = 46)
Articles excluded (n = 27) For the SBQ, we included 13 studies with a total 9584 subjects and sample sizes ranging from 85 to 4770. The studies mostly included sleep clinic patients with an age range of 42.8 to 62.4 years old [ Table 1 ]. Overnight laboratory PSG was used as the validation tool in 10 studies. 24, 47, 49 The highest sensitivity and nPv were reported at aHI thresholds of ≥ 30 events/hour. The PPv value ranged between 12.2% and 93.7% at aHI cutoffs ≥ 5 events/hour. The SBQ showed the highest specificity (74.7%) in detecting moderate OSa [ Table 2 ].
STOP Questionnaire (SQ)
The SQ is a concise and easy-to-use screening tool for OSa with high sensitivity. SQ can classify patients as being at high risk of having OSa if they answer yes to two or more questions. 57 SQ was evaluated in nine studies (8196 subjects) of which six studies were carried out on sleep clinic patients and three on the general, community population, 47 surgical patients, 35 and bus drivers. 24 The number of subjects in the studies varied from 40 to 4770 and the mean age was 44.8-62.4 years. Two studies used type II and daytime PSG for validation, 24, 47 while the others used overnight laboratory PSG. Our review indicates that the SQ had the highest prediction sensitivity (100%), specificity (92.3%), and nPv (100%) in the case of moderate OSa, while in the case of mild OSa the PPv ranged from 12.8% to 92.5% [ Table 2 ].
Epworth Sleepiness Scale (ESS)
The eSS is an eight-item questionnaire to measure daytime sleepiness; it uses a four-point likert response format (0-3), and the score ranges from 0 to 24. an eSS score ≥ 11 indicates excessive daytime sleepiness and high risk for OSa. 58 eleven of the 39 studies investigated the accuracy of eSS with a total of 11 014 subjects. The sample size in the 11 studies ranged from 47 to 4770 with an average age between 46.4 and 69.4 years. eight of the 11 studies were conducted on sleep clinic patients, while the remaining three studies were carried out on respiratory patients, 23 and clinic outpatients. 45 The laboratory PSG was used by the majority of the reviewed studies [ Table 1 ]. The highest eSS sensitivity was observed at aHI ≥ 30 events/hour and ranged between 46.1% and 79.73%. However, the highest values for specificity (75%), nPv (87.5%), and PPv (96.7%) were found in mild OSa with a decreasing trend from mild to severe OSa [ Table 2 ]. 59 In light of the profound impact of OSa on the health and quality of life, 5, 18, 40 it is essential that patients are adequately screened to receive the necessary medical care. It is estimated that over 80% of people with moderate to severe OSa remain undiagnosed. 60 Thus, a screening tool is necessary to stratify patients based on their clinical symptoms and anthropometric risk factors.
D I S C U S S I O N
Some easy-to-use questionnaires have been developed as low-cost alternatives to PSG for detecting OSa. In this review, we assessed the accuracy of four self-reported OSa-SQs against PSG as the reference test. The SBQ had the highest sensitivity for the prediction of mild and severe OSa (97.55% and 98.7%, respectively). However, the BQ showed the highest specificity for the detection of mild and severe OSa (90% and 80%, respectively). Compared to other questionnaires, the SQ had the highest sensitivity (100%) and specificity (92.3%) for predicting moderate OSa. The validity of our results for the general population may be questioned based on the fact that most of the subjects in the studies we reviewed were sleep clinic patients where the prevalence of OSa is relatively high. In addition, there is no standard definition of OSa unifying the various validation studies. Features of an appropriate screening questionnaire vary according to the population being surveyed. For example, cultural differences in urban and rural populations require the questionnaire is modified according to those being surveyed. However, it must be noted that it was not our objective of this review. diagnosis of true positive OSa patients in a clinical setting using a questionnaire with high sensitivity minimizes negative health consequences and avoids unnecessary and costly diagnostic tests. PSG, the gold standard for OSa diagnosis, is an expensive and time-demanding procedure. Therefore, it is necessary to decrease the number of false-positive subjects in the general population using a screening tool with high specificity. an effective screening tool must also have a high sensitivity to minimize the number of false negatives.
There was no standard definition for OSa in various studies that investigated the validity of OSa screening questionnaires against PSG. a recent meta-analysis indicated that the BQ has a moderate sensitivity and specificity in the general population for detecting hypopnea defined as a 3% oxygen desaturation. However, its sensitivity decreased when the hypopnea definition of 4% oxygen desaturation was applied. 39 Based on these observations it is clear that the definition of OSa significantly affects the accuracy of validation studies.
Therefore, it is necessary to test the validity of various OSa-SQs in the general population against the reference standard PSG. Because sleep clinic patients constituted the majority of the subjects in the reviewed studies, it is not possible to extend our conclusions to the general population.
